Objective To examine whether catch-up growth during childhood modifies the increased risk of death from coronary heart disease that is associated with reduced intrauterine growth. Design Follow up study of men whose body size at birth was recorded and who had an average of 10 measurements taken of their height and weight through childhood. Setting Helsinki, Finland. Subjects 3641 men who were born in Helsinki University Central Hospital during 1924-33 and who went to school in Helsinki. Main outcome measures Hazard ratios for death from coronary heart disease. Results Death from coronary heart disease was associated with low birth weight and, more strongly, with a low ponderal index at birth. Men who died from coronary heart disease had an above average body mass index at all ages from 7 to 15 years. In a simultaneous regression the hazard ratio for death from the disease increased by 14% (95% confidence interval 8% to 19%; P < 0.0001) for each unit (kg/m 3 ) decrease in ponderal index at birth and by 22% (10% to 36%; P = 0.0001) for each unit (kg/m 2
Introduction
People who had low birth weight, or who were thin or short at birth as a result of reduced intrauterine growth, have increased rates of coronary heart disease. 1 2 They also have an increased prevalence of biological risk factors for the disease-namely, hypertension, non-insulin dependent diabetes, and abnormalities in lipid metabolism and blood coagulation. 3 4 These associations have been replicated in studies in a number of countries. [5] [6] [7] [8] They have led to the hypothesis that coronary heart disease originates in utero through the persistence of endocrine, physiological, and metabolic adaptations that the fetus makes when it is undernourished. 4 We do not yet know whether the increased risk of coronary heart disease associated with reduced prenatal growth is modified by growth during childhood. This may be important because optimising childhood growth through improved nutrition and living conditions might reduce the risk of the disease. We have previously described associations between size at birth and death from coronary heart disease in a cohort of men born in Helsinki, Finland, during 1924 to 1933. 9 The growth of these men through childhood, and their living conditions, were recorded. The men had an average of 10 serial measurements taken of height and weight between the ages of 7 and 15 years. This allowed us to examine, for the first time, the association between childhood growth and death from coronary heart disease, taking into account size at birth.
Subjects and methods
Subjects-We studied a sample of men who were born at the Helsinki University Central Hospital and who went to school in Helsinki. Details of the birth records kept in the hospital have been described. 9 Data on the mothers consisted of age, parity, height, date of the last menstrual period, and age at menarche, together with body weight measured on admission in labour. Data on their newborn babies consisted of birth weight, placental weight, and length and head circumference. We studied men who were born at the hospital during 1924 to 1933, who went to school in Helsinki, and who were still resident in Finland in 1971. School health records for all children attending schools in Helsinki are stored in the city archives. We identified 3975 men from the birth and school health records, and we used the population register that covers the whole Finnish population to trace 3641 (92%) of them. The mean birth size of men who were traced and not traced was similar. This cohort comprised 339 more men than were included in our first report because further information has allowed linkage of additional birth and school records.
Protocol-For each of the 3641 men there was an average of 10 (SD 4) measurements of height and weight between the ages of 6 and 16 years, giving a total of 37 939 measurements. These were recorded during periodic school medical examinations. At the first examination, most commonly at the age of 7 years, school nurses recorded the number of other people living in the child's house, and the number of rooms. Since 1971 all residents of Finland have been assigned a unique personal identification number. By using this number we identified all deaths among the men during 1971-95. Deaths in Finland are recorded in the national mortality register. The register was computerised in 1971, and causes of death were recorded according to ICD-8 (international classification of diseases, eighth revision) until 1986; thereafter ICD-9 was used until the end of 1995. The first three digits from the primary cause of death in ICD-8 and ICD-9 were used for identifying deaths from coronary heart disease (410-414). Using the father's occupation, which was on 3375 of the birth records, we grouped the men according to a social classification used by the Central Statistical Office. Overall, 84% (2836) of the fathers were labourers and 11.5% (387) were classified as lower middle class. Together these constitute the lower social class as opposed to the upper social class, which is subdivided into upper middle class (2.6%, 86) and self employed (1.6%, 55).
Statistical analysis-The number of deaths from coronary heart disease was compared with that expected from Finnish national rates for men of corresponding age and year of birth. Death rates were expressed as standardised mortality ratios, the national average being 100. We examined the trends in standardised mortality ratios with neonatal measurements. Tests for trend were based on the corresponding log linear model and on Cox's proportional hazards model, using either continuous or categorical variables and their interactions. We converted each measurement for height, weight, and body mass index for each boy to a Z score, using the method of Royston. 10 We interpolated between successive Z scores with a piecewise linear function and so obtained a Z score at each birthday from 7 to 15 years of age. We back transformed these Z scores to obtain the corresponding height, weight, and body mass index at these ages. Table 1 shows the maternal, neonatal, and childhood characteristics of the 3641 men. Overall, 1084 (30%) of the men had died, 310 (8.5%) from coronary heart disease. The mean age at death from coronary heart disease was 58 years (range 38 to 71 years), and the standardised mortality ratio was 83 (95% confidence interval 74 to 93).
Results
Size at birth- Table 2 shows hazard ratios for coronary heart disease according to size at birth. The ratios decreased with increasing birth weight, although this was not statistically significant. As we have previously described, 9 ratios decreased more steeply with increasing ponderal index (birth weight/length 3 ). The ratios also decreased with increasing placental weight. There were no trends with head circumference or length at birth. Hazard ratios were not related to the length of gestation, although the highest ratios were in men born after 41 weeks. After adjustment for the length of gestation, the associations with birth weight and ponderal index strengthened (table 2) , and there was a significant association with placental weight (P = 0.03).
Growth in childhood
From 7 to 15 years of age the average height of men who died from coronary heart disease was similar to that of the other men in the cohort. Figure 1 shows, however, that at every age the men who died from coronary heart disease had a higher body mass index than the other men in the cohort. The association was stronger in older children, many of whom would have experienced puberty. The association was strengthened by adjustment for ponderal index at birth, because babies born with a low ponderal index tended to have a low body mass index throughout childhood. The correlation between ponderal index at birth and body mass index at age 11 years, for example, was 0.18 (P < 0.0001). The adjusted hazard ratio for death from coronary heart disease associated with a 1 SD increase in body mass index was 1.15 (1.03 to 1.29) at 7 years of age and 1.18 (1.07 to 1.31) at 15 years of age. Table 2 shows the effects of body mass index at 11 years of age, the middle of the age range, on hazard ratios for death from coronary heart disease. Table 3 shows the combined effects of body mass index at 11 years of age and ponderal index at birth. The ratios were adjusted for length of gestation. The hazard ratio for men with the highest ponderal index at birth and the lowest body mass index at 11 years of age was set at 1.0. The highest hazard ratio of 5.3 was in men with the lowest ponderal index at birth and the highest body mass index at 11 years of age. In a simultaneous regression, the hazard ratio for death from coronary heart disease increased by 14% (8% to 19%; P < 0.0001) for each unit (kg/m 3 ) decrease in ponderal index at birth and by 22% (10% to 36%; P = 0.0001) for each unit (kg/m 2 ) increase in body mass index at 11 years of age. Figure 2 further illustrates these associations, showing that boys born with a high ponderal index had a low risk of coronary heart disease, even if they became overweight in childhood, whereas the high risk of those who were thin at birth was further increased if they became even moderately overweight during childhood. The results for body mass index at ages other than 11 years were similar to those shown in table 3 and figure 2 .
Maternal characteristics-The mothers' body mass indices were strongly and inversely related to their age at menarche and strongly positively related to the height and body mass index of their sons (P < 0.0001 for body mass indices at all ages). As described in our previous report, high maternal body mass was also strongly related to increased hazard ratios for coronary heart disease among the men, an effect which was confined, however, to mothers of below average stature ( < 1.58 m). 9 The effect of maternal body mass index on coronary heart disease was only partly dependent on its effect on body mass in childhood. In a simultaneous regression the hazard ratios for coronary heart disease increased by 15% (3% to 28%; P = 0.02) for every SD increase in maternal body mass index, and by 13% (1% to 26%; P = 0.03) for every SD increase in body mass index at 11 years of age.
Crowding in the home and social class during childhood- Table 1 shows the average number of inhabitants and rooms in the homes where the men grew up; 46% (1435) lived in homes with only one room. We used the ratio of the number of inhabitants to the number of rooms as an index of crowding. Table 4 shows that families living in less crowded homes were of higher social class, and the sons were taller and had a higher body mass index at 11 years of age. The results at ages other than 11 years were similar. We used multiple linear regression to examine the simultaneous effects of the mother's body mass index and crowding on the boy's body mass index at 11 years of age. The effect of the mother's body mass was much stronger (P < 0.0001) than that of crowding (P = 0.01). Death from coronary heart disease was unrelated to the number of inhabitants or rooms or to crowding; in a simultaneous analysis it remained unrelated whereas the association with increased mothers' body mass was significant (P = 0.003).
Discussion
In Finland, men who had low birth weight and were thin at birth, but had an above average body mass in childhood, had high death rates from coronary heart disease. The association between coronary heart disease and size at birth in these men was consistent with findings in two cohorts in the United Kingdom, totalling 13 249 men, 2 and in a cohort of 7012 men in Sweden. 5 The association was strengthened by adjustment for length of gestation.
We were able to trace 92% of the men in the cohort. Our study was restricted to men who were born in Helsinki University Central Hospital and who went to school in Helsinki. The fathers of 84% of the men were classed as labourers. The men may be unrepresentative of all men living in Helsinki, although we know that early this century around 60% of men in the city were labourers. 11 Likewise, the exceptionally overcrowded conditions in which the men grew up (46% having only one room in their homes) may not be typical of the city at that time. This would introduce a bias, however, only if the association between size at birth, childhood growth, and coronary heart disease differed between those born in the hospital and those born outside the hospital. We did not find an association between coronary heart disease and short stature, as has been found in studies of adults and in a cross sectional study of children. [12] [13] [14] This may reflect the short average stature and poor living conditions of all the men in our cohort, whose average height at 11 years was 1 SD below the mean for current growth charts in Finland.
Catch-up growth
Our study gives a unique picture of the fetal and childhood growth of men who were born in the early years of this century in poor socioeconomic conditions and who died from coronary heart disease. Men with the highest rates of the disease were thin at birth, but by the age of 7 years their weight had "caught up" and their body mass index was above average. Thereafter, up to 15 years of age, their body mass index tended to diverge further from the average. The association between a high body mass index in childhood and death from coronary heart disease is consistent with the known adverse effects of a high body mass index in adults. 15 16 It is also consistent with previous studies showing that high body mass index in childhood is related to increased death rates from all causes combined and from coronary heart disease. [17] [18] [19] Because body mass index tends to "track" from the age of around 6 years into adult life, small increases in body mass in childhood could predict larger differences during adult life and the accompanying constellation of coronary risk factors. [20] [21] [22] We do not have data on the body mass index of our subjects as adults. In the Harvard growth study of overweight adolescents, however, the effects of high body mass in childhood on coronary heart disease were independent of body mass as adults. 18 Our findings show that the consequences of becoming overweight in childhood are conditioned by growth in utero and do not depend solely on the absolute level of overweight attained. In our data, if overweight is defined by a conventional criterion of a body mass index in childhood at or above the 85th centile, the hazard ratio for later coronary heart disease is small, around 1.2. This conceals the large hazard ratios, going up to around 5.0, among men who were thin at birth but caught up to become even moderately overweight in childhood.
Catch-up growth could be associated with adverse outcomes through altered body composition in later life. Babies who are thin at birth lack muscle. 23 It is possible that if they develop a high body mass in childhood they have a disproportionately high fat mass. Another possibility is that accelerated postnatal weight gain is intrinsically damaging. In rats, the combination of prenatal undernutrition with retarded fetal growth, and good postnatal nutrition with accelerated growth, leads to striking reductions in life span. 24 It is not known why catch-up growth is detrimental, but one speculation is that fetal growth restriction leads to reduced cell numbers, and subsequent catch-up growth is achieved by overgrowth of a limited cell mass. 25 A third possible link between catch-up growth and coronary heart disease is that it reflects persisting changes in secretion of hormones, including insulin, insulin-like growth factor 1, and growth hormone, which are established in utero in response to undernutrition and influence both childhood growth and coronary heart disease.
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Childhood nutrition and living conditions
Whatever the mechanisms, our findings show that the combination of retarded fetal growth and accelerated weight gain between birth and 7 years of age is associated with a large increase in risk of death from coronary heart disease in men. The data suggest that accelerated weight gain among the men in our study resulted from good nutrition rather than from good living conditions with relative freedom from recurrent infection. The body mass indices of the boys were related to their mothers' body mass indices, as has been found in other studies. 27 28 We found that the mother's body mass index, which was measured in pregnancy, was inversely associated with age at menarche. Since menarcheal age is determined mainly by prepubertal body weight, 29 this association shows that body mass in pregnancy reflected the mother's prepubertal growth and nutrition as well as her nutrition as an adult and her pregnancy weight gain. We conclude that death from coronary heart disease among the men in our study reflected the combination of poor prenatal nutrition with improved postnatal nutrition which was linked to their mothers having a high body mass. We do not know whether mothers with a high body mass influenced the postnatal catch-up growth of their children through direct effects during lactation or through better availability of food after weaning. Neither do we know the age before 7 years when catch-up in weight occurred. A child's body mass index decreases from infancy until around 6 years, and then increases. 30 This increase is called the adiposity rebound, and later obesity may be related more to the timing of the rebound than to the subsequent energy intake.
The level of crowding in the home served as an index of living conditions. Crowding and mother's body mass index were independently related to the men's body mass indices in childhood. Men who grew up in overcrowded homes were short and had a low body mass index as boys. The level of crowding was not, however, related to later coronary heart disease. Overcrowding reduces childhood growth partly because it is accompanied by increased rates of enteric and respiratory infection. 31 Our findings suggest that it is nutrition rather than living conditions and infection in childhood that influences later coronary heart disease.
Coronary heart disease epidemics-In a previous report on this cohort, we described high death rates from coronary heart disease in men who were thin at birth but whose mothers were overweight in pregnancy. We concluded that overweight mothers afforded an adverse in utero environment, especially for fetuses whose development was constrained by poor placental growth. We have now identified that thin neonates are further disadvantaged if they have accelerated postnatal weight gain as a result of good nutrition. This may give further insight into the circumstances that lead to coronary heart disease epidemics in previously malnourished communities. The immediate consequence of improved nutrition is that not only mothers' body mass indices but also children's body mass indices increase, whereas fetal nutrition remains limited by intergenerational constraints on placental growth. These changes are associated with a steep increase in coronary heart disease. Programmes to reduce obesity among boys may therefore usefully focus on those who had low birth weights or were thin at birth, and who therefore increase their risk of death from coronary heart disease by becoming even slightly overweight in childhood.
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Key messages
x Men who had low birth weight or were thin at birth have high death rates from coronary heart disease x Death rates are even higher if weight "catches up" in early childhood
x Death from coronary heart disease may be a consequence of prenatal undernutrition followed by improved postnatal nutrition
x Programmes to reduce obesity among boys may need to focus on those who had low birth weight or who were thin at birth
Endpiece
What is research?
No scientist is admired for failing in the attempt to solve problems that lie beyond his competence. The most he can hope for is the kindly contempt earned by the Utopian politician. If politics is the art of the possible, research is surely the art of the soluble. Both are immensely practical-minded affairs.
P B Medawar, The Art of the Soluble (1967) 
